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NOTE: Delete, revise, or add to the text in this
section to cover project requirenents. Notes are
for designer information and will not appear in the
final project specification.

This section covers groundi ng and bondi ng for secure
areas and systens.
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PART 1 GENERAL

1.1 REFERENCES
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NOTE: The foll owi ng references should not be
manual |y edited except to add new references.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication.
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The publications listed below forma part of this section to the extent
ref erenced:

JOHN F. KENNEDY SPACE CENTER ( KSC)

KSC- SPEC- Z- 0005 (Am 2; 1975) Brazing, Steel, Copper
Al um num N ckel, and Magnesi um Al | oys

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)
NFPA 70 (2002) National Electrical Code

UNDERWRI TERS LABCRATORI ES (UL)

UL 467 (1993; 6th Ed; Rev thru Nov 14, 1986) UL
Standard for Safety G oundi ng and Bondi ng
Equi pnent
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1.2 SUBM TTALS
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NOTE: Review subnmittal description (SD) definitions
in Section 01330, "Submittals," and edit the
following list to reflect only the submttals
required for the project. Subnmittals should be kept
to the mininumrequired for adequate quality
control. Include a columar |ist of appropriate
products and tests beneath each submittal

descri ption.
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The followi ng shall be submitted in accordance with Section 01330,
"Submttals," in sufficient detail to show full conpliance with the
speci fication:

SD-01 Preconstruction Subnmttals

Mat eri al, equipnment, and fixture lists shall be subnmitted for the
following itens, including nmanufacturer's style or catal og
nunbers, specification and drawi ng reference nunbers, warranty
information, and fabrication site information.

Bondi ng Straps and Junpers
Connecti ons
Fast eners

SD- 02 Shop Drawi ngs

Installation drawi ngs shall be submtted for G oundi ng Systens
i ncluding conplete details of equipnent |ayout and design.

SD- 03 Product Data

Manufacturer's catal og data shall be subnmitted for the foll ow ng
itens:

Groundi ng and Bond Wres
G oundi ng and Bondi ng Connectors
G oundi ng and Bondi ng Fasteners

SD- 06 Test Reports

Test Reports shall be subnmitted for the followi ng tests on

groundi ng systens in accordance with the paragraph entitled,
"Groundi ng System Tests," of this section. The report shall
include certified record of ground-resistance tests on each driven
ground rod, ground rod assenbly, and other groundi ng el ectrodes.
Record shall include the nunber of rods driven and their depth at
each location to neet the required resistance-to-ground
measurenents specified. A statenent shall be included describing
the condition of the soil at the time of neasurenent.
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Ground Resi stance Test
Ground |sol ati on Test
Continuity Tests

1.3 GENERAL REQUI REMENTS

Section 16003, "Ceneral Electrical Provisions," applies to work specified
in this section.

PART 2 PRODUCTS
2.1 GROUNDI NG AND BOND W RES
Gound wires in conduit shall be insulated.
Ground and bond wires shall be anneal ed copper, Cass B stranded, with
98- percent conductivity. Size of wires shall be in accordance with the
requi renents of the NEC.
2.2 GROUNDI NG AND BONDI NG CONNECTORS
Groundi ng and bondi ng connectors shall conformto the requirenents of UL 467

2.3 GROUNDI NG AND BONDI NG FASTENERS

Al bolts, nuts, washers, |ock washers, etc. used for groundi ng and bondi ng
connections shall be copper or bronze.

PART 3 EXECUTI ON
3.1 GENERAL

Bondi ng and groundi ng requirements, as a mninmm shall be those specified
by NFPA 70 National Electrical Code and the foll ow ng requirenents.

3.2 BONDI NG

3.2.1 Types of Bonds
Unl ess ot herwi se specified herein, bonding of nmetal surfaces shall be
acconpl i shed by brazing, welding, clanmping, or structural joining nethods,
or a conbi nation thereof.

3.2.1.1 Brazi ng
Brazi ng sol der shall conformto KSC- SPEC- Z- 0005.

3.2.1.2 Wel di ng
Wel di ng shall be by exotherm c process in which the conductors are joined
by nolten superheated copper produced by reduction of copper oxide by

al umi num Wel di ng procedure shall include the proper nold and powder
charge and shall conformto the manufacturer's reconmendati ons.
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3.2.1.3 d ampi ng

In external |ocations, clanping shall be used only where a di sconnect type
of connection is required. Connection device nay utilize either
spring-1oaded jaws or threaded fasteners. Device shall be so constructed
that positive contact pressure is maintained at all tinmes. This nethod

i ncl udes the use of machine bolts with tooth-type or spring-type

| ockwashers.

3.2.1.4 Structural Joining Methods

Joints made with high-strength structural bolts, and cl ean unpainted faying
surfaces shall be considered as sufficiently bonded to neet the electrica
requirenents of this specification. The term"clean" as used herein shal
nmean that faying surfaces on new steel shall have been blasted to bare
netal. Wiere this condition does not exist, a junper shall be installed in
the formof a No. 4 AWG 5.2 nmillinmeter dianeter (No. 4 AWG bare copper
wire exothernmally wel ded at each end to the surfaces involved spanning the
connection; or a bond weld, defined as a 1/4-inch 6.4 mllineter or |arger
fillet weld, with a 2-inch 50 nmillineter mninmumlength across the
connection shall be installed. Wre junpers shall be used across joints
enpl oyi ng m scel | aneous machi ne bolts such as those used in stairway
construction.

3.2.2 O eani ng of Bondi ng Surfaces

Al'l surfaces which conprise the bond shall be thoroughly cl eaned before
joining to renove paint, oxides, and other resistance filns fromthe mating
surfaces. Gentle and uniform pressure along with an appropriate abrasive
shal |l be used to ensure a snooth, uniformsurface wi thout "point contacts."
Excessive netal shall not be rempved fromthe surface. Cad netals shal

be cleaned with a fine steel wool or grit in such a nanner that the
cladding material is not penetrated by the cl eaning process. Bare netal
shall then be cleaned with sol vent-npi stened cheesecloth. G ease, oil

dirt, corrosive preventives, and other contam nants shall also be renoved
using this sane nmethod. This cleaned area shall be allowed to air-dry

bef ore connection bond. Bond shall be attached within 1 hour after
cleaning. Joint shall be sealed and the exposed surfaces refinished within
2 hours to prevent oxidation. |If additional tine is required, a

corrosi on-preventive conpound shall be applied until the area can be

refini shed.

3.2.3 Bondi ng Straps and Junpers

Unl ess ot herwi se specified, bonding straps and junpers shall be copper and
shal | have a cross-sectional area of not less than that of No. 6 AWG 4.1
mllineter dianeter (No. 6 AW5 copper wire. Bonding straps and junpers
for shock nounted devices, pivot, hinged, or swivel joints shall be nade of
flat, tinned-copper, woven-wire braid or flexible stranded wire. Vibration
of the strap or junper by the shock nmounted device shall not change its

el ectrical characteristics. Bonding junper installation shall conformto
the foll ow ng:

a. Bonds shall be acconplished by brazing or welding in outdoor
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3.

| ocations unless a disconnect type of connection is required, in
whi ch case clanping with bolts shall be used. For each bolt, a
tooth-type | ockwasher shall be inserted between the strap and
nmetal lic menber.

b. Straps shall be bonded directly to the basic structure rather than
t hrough any adjacent parts.

c. Wen installed, the straps shall be unaffected electrically by
notion or vibration.

d. Straps shall be installed in an area that is accessible for
mai nt enance.

e. Single straps shall be used; two or nore straps shall not be
connected in series.

f. Straps shall be installed so that they will not restrict novenent
of structure nenbers.

g. Straps shall be installed so that they will not weaken structure
menbers to which they are attached.

2.4 Bond Resi st ance
Resi stance of any bond connection shall not exceed 0.5 nmilliohm Any bonds

t hat exceed this resistance shall be reworked by the Contractor at no
additional cost to the Government.

. 2.5 Equi prent and Encl osure Bondi ng

Each netallic enclosure and all electrical equipnent shall be bonded to
ground. At |east one copper connection shall be nade fromthe system
ground point to one or nore enclosures in the area such that all enclosures
and equi pnent when properly bonded together provide a | owinpedance path to
gr ound.

.2.6 Bondi ng of Conduit and Raceway Systens

Metal conduit, fittings, junction boxes, outlet boxes, arnored and netal
sheat hed cabl e, and ot her raceways shall be bonded as |isted below. Care
shal |l be taken to ensure adequate electrical contact at the joints and
term nations.

.2.6.1 Ri gid Metal Conduit and Term nations

Al threaded connections nust be wench-tight and the unexposed interna
and external threads shall be treated with a corrosion-inhibiting conmpound.
Al'l exposed threads shall be painted. Conduits entering boxes and

encl osures shall be bonded to the box with bondi ng-type | ocknuts (one

out side and one inside) or |ocknut and groundi ng-type bushing. Locknuts
that gouge into the nmetal box when tightened are acceptable.

Conduit systens that are interrupted by PVC dielectric links shall be
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bonded separately on either side of the link. Under no circunstances shal
the dielectric |link be junpered.

.2.6.2 Fl exi bl e Metal Conduit

Short sections of flexible conduit such as those used to term nate conduit
on notors, etc., shall be junpered with a copper junper unless the flexible
conduit has an integral grounding conductor

2.7 Prot ecti on of Fini shed Bonds

Fi ni shed bonds shall be protected by painting to nmatch the original finish
after bond is nmde.

.3  GROUNDI NG
. 3.1 Ground Systens

Secure groundi ng systens shall be installed for power and for
instrunentation. Each systemshall be independently connected to the
bui | di ng count erpoi se as shown on the contract draw ngs.

. 3.2 Secure Ground Systens

Secure ground systens shall consist of unspliced ground wires in individua
wel ded or epoxied conduit runs fromthe Secure Area to the building

count erpoi se. Welding and epoxying shall conformto Section 16145,
"Standard Wring Systens".

.3.3 Equi pnent G oundi ng

El ectrical continuity of nmetallic raceway systens shall be ensured with al
equi prent individually and directly connected to the building ground
i ndependent of the raceway system as herein specified.

Encl osures for panel boards shall be individually and directly connected to
the buil ding ground. G ounding conductor shall be not |ess than No. 2 and
shal | be connected fromthe building ground to a copper ground-bus termna
strip located in each panel board.

Al'l polarized receptacles, lighting fixtures, and equi pnent encl osures
shal |l be grounded with an identified (green color) insulated conductor, not
snaller than No. 12 2 nillineter dianmeter (No. 12), connected to the branch
circuit ground-bus termnal strip. Gound-bus termnal strip in each

panel board encl osure shall be isolated and i ndependent of the system
neutral termnal strip

| ndoor substations, transformers, swtchboard frames, notors, generators,
frames and tracks of cranes, and other m scell aneous equi pnent shall be

i ndividually and directly connected to the building ground. The
current-carrying capacity of the groundi ng conductor shall be the sane as
the current-carrying capacity of the power conductors for circuits
utilizing power lines size No. 2 6.5 mllinmeter diameter (No. 2) and
snaller. For circuits with power wiring larger than No. 2 6.5 mllineter
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di ameter (No. 2), the grounding conductors shall be as specified in the NEC
except that the grounding conductors shall not be smaller than No. 2 6.5
mllineter dianeter (No. 2).

Separ at e equi pnent grounds shall be provi ded where indicat ed.

.3.4 Groundi ng Connecti ons

Al'l ground connections shall be bonded connections in accordance with
par agraph entitled "Bondi ng" herein

Al'l ground connections that are buried or in inaccessible |ocations shal
be wel ded or silver-soldered. The process shall join all strands and shal
in no way cause the parts to be damaged or weakened.

Wel di ng process shall be an exothermc type which will nake a connection
that will not corrode or | oosen. Conpleted connection or joint shall be
equal or larger in size than the conductors joined and shall have the sane
current-carrying capacity as the | argest conductor

Connections in accessible |ocations shall be bolted. Connections to stee
bui |l di ng columms in accessible |ocations shall be cast-copper-alloy clanp
| ugs bolted to the structure.

.3.5 Groundi ng System Tests

The following tests shall be perforned by the Contractor in the presence of
the Contracting O ficer.

.3.5.1 Ground Resi stance Test

Groundi ng systens shall be tested for ground resistance. The total

resi stance fromany point on the ground network to the buil ding
count er poi se shall not exceed 50 nilliohns.

.3.5.2 Ground Isolation Test

Al'l ground systens shall be tested for isolation fromother ground systens.

.3.5.3 Continuity Tests

Continuity tests shall be performed on all power receptacles to ensure that
the ground ternminals are properly grounded to the facility ground system

-- End of Section --
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